Speciated monoterpene measurements in the Amazon rainforest air are scarce, but important in order to 19 understand their contribution to the overall reactivity of volatile organic compound (VOCs) emissions 20 towards the main atmospheric oxidants, such as hydroxyl radical (OH), ozone (O3) and nitrate radical 21 (NO3). In this study, we present the chemical speciation of gas phase monoterpenes measured in the 22 tropical rainforest at the Amazon Tall Tower Observatory (ATTO, Amazonas, Brazil). Samples of 23 VOCs were collected by two automatic sampling systems positioned on a tower at 12 and 24 m height 24 and analysed using Gas Chromatography Flame Ionization Detection (GC-FID). The samples were col-25 lected in October 2015, representing the dry season, and compared with previous wet and dry season 26 studies at the site. In addition, vertical profile measurements (at 12 and 24 m) of total monoterpene mix-27 ing ratios were made using Proton-Transfer Reaction Mass Spectrometry (PTR-MS). The results 28 showed a distinctly different chemical speciation between day and night. For instance, α-pinene was 29 more abundant during the day, whereas limonene was more abundant at night. Reactivity calculations 30 showed that the most abundant compounds may not be the most atmospheric chemically relevant com-31 pounds. Furthermore, inter-and intra-annual results demonstrate similar chemodiversity during the dry 32 seasons analysed. Simulations with a canopy exchange modelling system compare relatively well with 33 the observed temporal variability in speciated monoterpene mixing ratios, but also indicate the necessity 34
Introduction
The adsorbent tubes used for VOC sampling were filled with 130 mg of Carbograph 1 (90 m 2 g -signal response that is proportional to the real carbon number. The monoterpenes identified and quanti-148 fied were α-pinene, camphene, sabinene, β-pinene, myrcene, α-phellandrene, 3-carene, α-terpinene, ρ-149 cymene, limonene and γ-terpinene. The detection limit for the GC-FID was 2 ppt (Bracho-Nunez et al., 150 2011) . 
227
The difference between the 12 and 24 m height total monoterpene mixing ratios is minor given 228 the variance of the measurements, but there is a tendency for the difference to be more pronounced dur-
229
ing night time (Table 1) . This could be due to higher biogenic emissions at 12 m compared to 24 m dur-
230
ing the night, differences in reactivity within the canopy leading to different oxidation regimes, or more 231 stagnant conditions leading to higher accumulation.
233
The continuous online measurements by the quadrupole PTR-MS indicate a clear diurnal cycle 234 in the measured mixing ratios of the sum of monoterpenes, which has been reported previously from 235 this site (Yáñez-Serrano et al., 2015) . In order to assess the effect of each individual monoterpene spe-236 cies, we further investigated their diurnal cycles as obtained by the off-line GC-FID samples. The meas-237 ured diel cycles for the most relevant monoterpene species at the ATTO site were very similar at both heights. We also compared the measured diel cycles of isoprene with the observed diel cycle for the difnene and ρ-cymene ( Figure 2 ). This could be due to the emission of α-pinene and ρ-cymene being dependent on light and temperature, analogous to isoprene. However, during the night both monoterpenes 242 were also present, albeit at lower mixing ratios, and the nocturnal mixing ratios of the monoterpenes did 243 not decrease as much as isoprene. This has also been noted in previous studies (Yáñez-Serrano et al.,
.
246
Despite the higher mixing ratios of limonene compared to other monoterpene species (other than 247 α-pinene), it was not possible to distinguish any clear diel pattern in the average data for this species
248
(see Figure 2 ). β-Pinene and α-terpinene likewise show no obvious diel pattern in the rainforest air, de- 
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Chemodiversity

256
The chemical speciation (or chemodiversity) of monoterpenes relates to the relative abundances 257 of the different monoterpene species in the sampled air. α-Pinene, limonene, myrcene, ρ-cymene and β-258 pinene represented more than 85% of the total MT mixing ratio ( Figure 3 ). During the day, α -pinene 259 had an average abundance of 50% and 36% of the total monoterpene mixing ratios at 24 and 12 m, re-260 spectively, and was the dominant monoterpene in this study overall. However, during the night, its rela- 
365 366
For each season, an average monoterpene chemodiversity distribution is shown in Fig. 5 
Modelling with MLC-CHEM
375
To further support our analysis of the observed magnitude as well as temporal variability in the 376 monoterpene mixing ratio inside the forest canopy, we used MLC-CHEM to: 1) explore how well the 377 model represents the measured mixing ratios and 2) to assess the role of the different in-canopy pro-378 cesses in explaining the diel cycle of the observed monoterpene mixing ratios at the ATTO site. We the same monoterpene species as presented in this study, their individual abundances were very differ-usually not considered into atmospheric chemistry models due to their modest mixing ratios might actu-(5x10 -6 to 5x10 -5 molec cm -3 at 24 m) being two orders of magnitudes less than the potential aerosol 516 production from sesquiterpenes, assuming mixing ratios of the latter of 0.2 ppb (5.21x10 -4 and 3.43x10 -3 517 molec cm -3 at 24 m) based on previous measurements in the Amazon (Jardine et al., 2011) . Further-518 more, the level of NO (nitric oxide) present also affects severely the potential aerosol growth, for in-519 stance in the atmosphere a change from 0.2 ppb to 1 ppb of NO leads to a decrease in the formation rate. 
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